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1. Introduction 
We had proposed that PSI1 centers include 2 types 
of acceptors Q1 and Q2, based on fluorescence yield 
[l] and spectrophotometric measurements (550 nm) 
[2] using spinach chloroplasts. In 133, we established 
that the properties of these two acceptors could be 
more easily distinguished in the presence of hydroxyl- 
amine. These properties can be summarized as follows: 
Q,: 
Q2: 
The red&i& of Q1 leads to the C5.50 absorp- 
tion change and to the formation of a transmem- 
brane potential. In the presence of hydroxyl- 
amine, which inactivates the oxygen-evolving sys- 
tem, the photoreduction of Q1 is an efficient 
process since -90% of Q1 is reduced by a single 
saturating flash. In the presence of hydroxyl- 
amine and of a saturating amount of DCMU, the 
reoxidation of Q1 is very slow (t1,2 > 20 min at 
room temperature). 
Neither a C550 absorption change nor a mem- 
brane potential formation are associated with the 
reduction of Q2. In the presence of hydroxyl- 
amine and DCMU, Q2 is reoxidized through a 
multiphasic process. Q2 is associated with a 
secondary acceptor, very likely cyt . b-563. 
In [4] reduction of the primary acceptor Q was 
associated with a spectral change in the W range. 
Here, we have investigated the respective properties 
of Q1 and Q2 on the basis of spectrophotometric 
measurements in the W region. 
2. Materials and methods 
Chloroplasts were isolated from market spinach 
Abbreviations: PSI, photosystem I; PSII, photosystem II; 
DCMU, 3(3,4-dichlorophenyl)-1 Jdimethylurea; cyt. b-563, 
cytochrome b-563; chl, chlorophyll 
as in [5] and stored at -70°C in the presence of 1% 
serumalbumine and 5% dimethylsulfoxide. Prior to 
use, chloroplasts were suspended in 0.05 M phosphate 
buffer (pH 6.5) with 0.1 M sucrose, 0.05 M KC1 and 
0.1 PM gramicidin D. To destroy the oxygen-evolving 
system, the chloroplasts were treated for 8 min with 
10 mM hydroxylamine. Experiments were then per- 
formed in the presence of 4 mM hydroxylamine and 
10 PM DCMU, always at room temperature. 
Spectrophotometric and fluorescence experiments 
were performed using an apparatus similar to that in 
[6]. The spectral range of the detecting flash (2 ps 
duration) was extended to the W region using a 
Jobin and Yvon monochromator HL with a concave 
holographic grating. Saturating actinic flashes (verre 
and Quartz VQX CAD22,0.4 ps duration at half- 
height) were filtered through yellow filters (Schott 
GG7) and Schott filter KG3 for the spectroscopic 
measurements, and through a blue filter (Corning 
4-96) for the fluorescence measurements. Corning 
filters 7-54 and 2.4 M NiS04 filters, 11 mm thick, 
protect the photocells from the actinic illumination. 
The optical path was 16 mm and chl 10 pg/ml. For 
these experiments, 7% Ficoll was added to the chloro- 
plasts. 
The experiments were performed without any 
artificial PSI electron acceptor;under these conditions, 
a back reaction reactivates most of PSI centers in 
<lOO ms after each saturating actinic flash. To mini- 
mize the possible contribution of the PSI reaction to 
the spectral changes in the W region, the absorption 
changes were sampled 120 ms after each actinic flash. 
Amperometric titration was performed using an 
apparatus similar to that in [7]. The amperometric 
signal caused by the photooxidation of hydroxyl- 
amine is sampled 2.5 ms after each actinic flash. 
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3. Results of charge stabilization after a saturating flash is close 
to 1. 
According to [4], an absorption increase at 330 nm Curve 1 (fig.lA) shows the same experiment per- 
and an absorption decrease at 240 nm are associated formed on hydroxylamine-treated chloroplasts: the 
with the reduction of the PSI1 primary acceptor Q. maximum value of 6 is slightly diminished (8.4 X 1 04, 
In [8] this spectral change was ascribed to the forma- curve 1). It is noteworthy that the absorption changes 
tion of a plastosemiquinone anion. In the presence of at 282 nm and 321 nm are negatively shifted of AI/I - 
DCMU, we observed a signal in the UV range which 4.5 X lo4 compared to the control; it is known that 
peaks at 323 nm; this result agrees with those in [9]. in hydroxylamine-untreated chloroplasts, a positive 
To minimize the spectral changes due to a possible spectral change due to the oxidation of a PSI1 second- 
contribution of other components of the electron ary donor is superimposed on the signal due to the 
transfer chain, we measured the reduction of the PSI1 reduction of Q [IO]. In the presence of hydroxyl- 
primary electron acceptor by the difference 6 = AI/Z amine, this donor is either inactivated or rapidly 
(321 nm) - AI/Z (282 nm). The value of 6 is 8.9 X reduced and does not contribute to the absorption 
1 O4 when dark-adapted chloroplasts (untreated with change in the UV range. Curve 2 (fig.lA) shows the 
hydroxylamine) are given a series of saturating flashes absorption change when chloroplasts are first preillu- 
in the presence of DCMU. This value is reached once minated by 5 saturating flashes followed by a 40 s 
the first flash is given, which shows that the probability dark period. In this case, 6 has a slightly negative 
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Fig.1. (A) Absorption change 6 = AZ/Z (321 nm) - AZ/Z (282 nm) induced by a series of saturating flashes 180 ms apart. The 
absorption change was sampled 120 ms after each actinic flash. DCMU was 10 PM and hydroxylamine, 4 mM. Curve (1): (0) dark- 
adapted material; (2): (+) chloroplasts preilluminated by 5 saturating flashes, then dark-adapted for 40 s. (B) Fluorescence yield 
measured 120 ms after each flash of a series of saturating flashes 180 ms apart; F, fluorescence yield; F,, fluorescence yield mea- 
sured on dark-adapted material; DCMU 10 PM, hydroxylamine 4 mM. Curve (1) (0) and (2) (+), same experimental conditions as 
in (A). 
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value, which indicates the existence of a spectral 
change of unknown origin superimposed on the one 
due to the reduction of Q. Thus, the value of 6 associ- 
ated with the reduction of Q is very likely equal to 
the sum of the positive and negative signals shown in 
curves 1 and 2 (tig.lA) i.e., 9.7 X 104. 
Fig.1 B shows the fluorescence yield measured on 
the same material and in the same experimental con- 
ditions as in fig.lA. As already stated in [3], a large 
fraction of the quenchers is not destroyed upon illu- 
mination by the first flash (fig.lB, curve l), while the 
corresponding value of 6 (fig.lA, curve 1) is >90% of 
its maximum value. After a 40 s dark period (follow- 
ing the preillumination of the material (fig.lB, curve 
2), a sizable fraction of the quenchers (Qz) is reacti- 
vated, the reduction of which requires several flashes; 
no corresponding signal is observed in fig.lA, curve 2. 
These results suggest hat, unlike the reduction of Qr, 
the reduction of Qz does not induce any absorption 
change in the UV region. It is important to stress that 
the variation of the fluorescence yield ascribed to Qz 
cannot be explained by ionic effects induced by cyclic 
reactions around PSI : 
(i) We had showed that the reduction of Qz is sensi- 
tized by the PSI1 pigment antenna; 
4 
o’t 
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(ii) Addition of methylviologen, which prevents cyclic 
reaction around PSI, does not modify the fluores- 
cence data [3]. 
Fig.2A shows the fluorescence decay measured 
Fig.2. (A) Decay of the variable fluorescence yield after illu- 
mination by 5 saturating flashes 180 ms apart. (B) Absorption 
change induced by a series of saturating flashes 180 ms apart 
given to chloroplasts preilluminated by 5 flashes and then 
dark-adapted for variable time f: (1) (a) 6 = AZ/I (321 nm) - 
AI/Z (282 nm); (2) (0) AI/I (321 nm); (3) (0) AI/Z (282 nm). 
after 5 saturating flashes given to dark-adapted chlo- sured at 321 nm (curve 2) and 282 nm (curve 3) also 
roplasts. As discussed in [3], this decay is mainly due remain independent of the duration of dark adapta- 
to the reoxidation of Qs. In a parallel experiment tion in the same time range. Since a large fraction of 
(fig2B), we measured the absorption changes induced Qz is reoxidized in this time range, we conclude that 
by a series of saturating flashes given to chloroplasts the photoreduction of Q2 is not associated with any 
first preilluminated by 5 flashes and then dark-adapted signal in the UV range. For periods of dark adaptation 
for a variable time t. Under these conditions, 6 (curve much longer than 3 mm we observe a significant 
l), reaches a maximum (negative) value after <2 s increase of 6 which shows that the quinone-type 
dark period and remains constant for a period of dark acceptor is slowly reoxidized (-35-40% for a 30 min 
adaptation as long as 3 min. Absorption changes mea- dark period). 
Table 1 
Amount of photooxidized hydroxylamine (expressed in relative units) detected 2.5 ms after each 
flash of a series of saturating flashes 180 ms apart 
Flash : 12 3 4 5 61 8 9 10 11 12 13 2 
A 832 178 69 49 36 35 26 31 21 19 22 22 19 1365 
B 179 113 59 40 34 29 24 25 25 20 19 17 18 602 
(A) Dark adapted chloroplasts; (B) chloroplasts preilluminated by 5 saturing flashes, then dark-adapted 
for 3 min; (x) total amount of hydroxylamine photooxidized by the 13 first flashes 
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3 .l . Amperometric titration of photooxidized 
hydroxylamine 
The fluorescence yield is known to be non-linearly 
related to the concentration of the PSI1 electron 
acceptors [ 111. The relative concentration of the 
acceptors can be measured by the amperometric titra- 
tion of photooxidized hydroxylamine. The total 
amount of PSI1 acceptors, which includes Qr, Qz and 
possibly a secondary acceptor linked to Qz, has been 
calculated by summing the amperometric signal along 
a series of saturating flashes (table 1). These experi- 
ments were done under the same conditions as those 
shown in fig.1 and 2. The fraction of electron acceptors 
(Q, and its secondary acceptor) which has been 
reoxidized during a 3 min dark period following a 
preillumination by 5 saturating flashes divided by the 
total number of acceptors present in the dark-adapted 
material (Q, + Qz and its secondary acceptor) is equal 
to 602/1365 = 0.44. Under the same experimental 
conditions,no significant absorption change is observed 
in the UV region spectrum. 
4. Conclusion 
On the basis of the fact that the reduction of the 
PSI1 electron acceptor Qz does not give rise to a 
spectral change in the UV region, we conclude that 
this acceptor cannot be a plastoquinone. As proposed 
in [3], it is very likely that the acceptor Q2 is identical 
to the auxiliary acceptor X, postulated in [ 121. The 
reduction of X,, like that of Q2, does not give rise to 
550 nm, 515 nm and 320 nm absorption changes. 
Our results also confirm that the properties of Qr and 
Qz cannot be correlated with those of Q, and Q, [ 131. 
As shown in [9,14] the reduction of both Q, and Q, 
leads to 550 nm and 320 nm absorption changes. It is 
very likely that Q, and Q, correspond to different 
properties of the antenna, while Qr and Qz correspond 
to PSI1 electron acceptors of different biochemical 
nature. 
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